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Abstract - Effects of the finite-sized substrate and ground plane on the radiation 

characteristics of a microstrip antenna are studied. Applying the boundary integral 

method, the electric and magnetic fields radiation on the dielectric boundary of the 

finite microstrip structures can be solved numerically, without the complicated 

Sommerfeld integral and the assumption of infinite substrate. Rectangular microstrip 
antennas with finite-sized substrate and ground plane are analyzed, and the numerical 

results are compared to the experimental data. 

I. INTRODUCTION 

Microstrip antennas are widely used, since they are lightweight, conformal and 

easy to fabricate. Analyses of microstrip antennas are also available in extensive 

literature. Integral equation utilized Sommerfeld formulation is one of the popular 
full-wave analysis methods, such as [ I ] .  An important assumption of this method is 

that the substrate and ground plane are of infinite extent in the transverse direction. 

Without this assumption, the associated Green's functions are not available and the 
method fails. This assumption is not practical, however, especially for the application 

of personal wireless communications. The diffraction due to the presence of the edges 

of substrate and ground plane would affect the various characteristics of antennas, such 
as the resonant frequency[Z], input impedance[3], and radiation pattems[4]. Several 

methods have been proposed in the literature to deal with such problems[5]-[7]. In this 

study, we adopt the surfacelsurface formulation proposed in [ 5 ]  with more rigorous 
integration method, and the results of input impedance that are not presented in [SI are 

given. 

11. OUTLINE OF THE THEORY 

Fig. l(a) depicts the problem of interest. Denote the boundary of the whole 

antenna structure as surface S, inside which a linear, isotropic, and homogeneous 

substrate with relative permittivity E, and relative permeability p, is assumed. J'  and 
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M' represent the feeding sources for the antenna. Outside S is free space where the 
antenna radiates. Another assumption imposed is that metals are of zero thickness and, 

although not necessary, are perfectly electrical conductors (PEC). By applying the 

equivalence principle on the surface S, the original problem is divided into two 
equivalent problems[8], as shown in Fig. l(b) and Fig. l(c). The fields in both of the 
problems can be expressed in terms of the feeding source (J i ,M1)  and the equivalent 
surface current (J, ,M,) on the dielectric boundary. Note that the equivalent surface 

currents are not independent at all for the exterior and interior problems. Because of 
the continuity of electric field and magnetic field, we must have M,,,,,  and 
J,,,,  on the dielectric portion of S. Matching the boundary conditions on S, we 

can obtain coupled integral equations for the unknown equivalent surface currents. 

With the method of moments, the integral equations can be cast into a matrix 
form and solved numerically by LU decomposition. The same basis and weighting 

functions as those indicated in [5 ]  are chosen, but more rigorous integration is 
performed. 

IILRESULTS 

Take the rectangular microstrip antenna shown in Fig. 2 as the first example. At 

first, we examine the formulations when the relative dielectric constant is 1.0, i.e. the 
slab does not actually exist. This antenna was respectively solved by integral equation 

method with free space Green's function and by this method where the slab exists and 

E,  of the slab is set to 1.0. Good agreement that is not shown here is obtained for 
frequency ranging from 0.1 GHz to 9.0 GHz. 

Chen[9] analyzed the above antenna by integral equation method under the 

assumption of infinite substrate with relative dielectric constant 10.2 and loss tangent 

0.001. In this study, the dielectric constant is set to 10.0 and the substrate is lossless 

and finite. A voltage gap source is used for excitation. The numerical result is shown in 
Fig. 2 and is consistent with [9]. 

A microstrip antenna fabricated on the FR4 substrate of finite extent is used to 

verify the numerical analysis. The transverse dimension of the substrate varies from 6 
cm x 5 cm to 4 cm x 3 cm, as shown in Fig. 3. In the numerical analysis, the relative 

dielectric constant is set to 4.55. The measured data and the numerical results shown in 

Fig. 3 do not coincide very well. The numerical results have smaller bandwidth mostly 
because of the assumption of lossless substrate. However, as can be observed in Fig. 3, 
both results show that the resonant frequency becomes smaller as the size of the slab 

decreases 
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IV. SUMMARY 

In this paper, microstrip antennas with substrate of finite extent are analyzed by the 

boundary integral method. Numerical data are also compared with the experimental 

results. It shows that the boundary integral method works for the analysis of microstrip 

antennas with finite-sized substrate. It can also be applied to discuss the finite 

dielectric effects on the radiation characteristics of other printed antennas such as the 

CPW-fed microstrip antennas. Besides, extension of the present method to deal with 

structures of lossy and inhomogeneous substrate deserves further study. 
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Fig. 1. Problem of interest; (a) the original problem, (b) the exterior equivalent 

problem, and (c) the interior equivalent problem. 
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Fig. 2. Input impedance of a rectangular microstrip antenna with finite-sized substrate 

and ground plane. In the result of Chen, = 10.2 and tans = 0.001 for the 

infinite substrate. In this method, E~ = 10 and lossless for the finite-sized slab. 
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Fig. 3. Numerical analysis of a microstrip antenna with finite-sized substrate (FR4) 
and ground planc, compared with the experimental results. 
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